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ABSTRACT
Using the PMO-13.7 m millimeter telescope at Delingha in China, we have conducted a large-scale simultaneous
survey of 12CO, 13CO, and C18O J = 1 − 0 emission toward the sky region centered at l=209.7◦, b=−2.25◦ with a
coverage of 4.0◦ × 4.5◦. The majority of the emission in the region comes from the clouds with velocities lying in the
range from −3 km s−1 to 55 km s−1, at kinematic distances from 0.5 kpc to 7.0 kpc. The molecular clouds in the region
are concentrated into three velocity ranges. The molecular clouds associated with the ten H II regions/candidates are
identified and their physical properties are presented. Massive stars are found within Sh2-280, Sh2-282, Sh2-283, and
BFS54, and we suggest them to be the candidate excitation sources of the H II regions. The distributions of excitation
temperature and line width with the projected distance from the center of H II region/candidate suggest that the
majority of the ten H II regions/candidates and their associated molecular gas are three-dimensional structures, rather
than two-dimensional structures.
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1. INTRODUCTION
Large-scale surveys of molecular clouds in the Milky Way revealed that the major part of molecular clouds is
accumulated into cloud complexes called giant molecular clouds (GMCs) (Clemens 1985; Dame et al. 1987; Heyer
et al. 1998; Dame et al. 2001; Jackson et al. 2006; Burton et al. 2013). GMCs have a hierarchical and complex
structure which can be divided into substructures as clouds, clumps, and cores (Blitz & Williams 1999). Previous
studies found that GMCs are gravitationally bound while the constituent clumps of GMCs and isolated molecular
clouds with M < 103 M are not in self-gravitational equilibrium (Solomon et al. 1987; Heyer et al. 2001). The mass
function of molecular clouds follows a power law, dN/dM ∝ Mγ , with an index of around −1.7 (Williams & McKee
1997; Rosolowsky 2005) and there exists a scaling relation between the line-width and the size of molecular clouds
(Larson 1981).
Massive stars are influential in Galactic evolution by ionizing and dynamically affecting the interstellar medium
and also by chemically enriching heavy elements. Stellar feedback, in particular that from young OB clusters, has
strong influence on the evolution of molecular clouds through the expansion of H II regions (Watson et al. 2008, 2010),
stellar winds (Churchwell et al. 2006), and the supernova events (Milisavljevic & Fesen 2015). The stellar feedback on
the surrounding interstellar medium may trigger the formation of the new generation of stars. Recent studies show
that the formation of 14% to 22% massive young stellar objects (YSOs) in the Milky Way may be triggered by the
expanding H II regions (Kendrew et al. 2012). Through searching for the characteristic mid-infrared (MIR) ring-like
morphology,Anderson et al. (2014) identified 8399 Galactic H II regions and H II region candidates, which is the most
complete catalog of massive star forming regions in the Milky Way. However, the physical properties of molecular
clouds in H II regions are still unclear. For example, Beaumont & Williams (2010) found that the molecular gas
around the infrared bubbles created by young massive stars lies in a ring, rather than a sphere, whereas Anderson
et al. (2011) showed that the majority of the bubbles in their sample are three-dimensional structures. Meanwhile, the
dynamic effect of H II regions on the surrounding molecular gas is an important factor to understand the origins of
turbulence in molecular clouds and the role of triggered star formation (Arce et al. 2011; Xu et al. 2017). Observations
of molecular line emission are essential to address these important questions. To investigate the spatial distribution
of molecular gas in H II regions and the dynamical interaction between H II regions and molecular clouds, we have
conducted a large-scale survey of 12CO, 13CO, and C18O J = 1− 0 emission toward the region of Galactic longitude
of 207.7◦ < l < 211.7◦ and Galactic latitude of −4.5◦ < b < 0◦ (4.0◦× 4.5◦).
The region surveyed in this work did not obtain much attention in previous surveys of molecular clouds. Sharpless
(1953, 1959) and Blitz et al. (1982) identified four H II regions (Sh2-280, Sh2-282, Sh2-283, and BFS54) and Anderson
et al. (2014) identified six H II region candidates in this field. Five of the ten H II regions/candidates mentioned
above are spatially coincident with radio continuum emission. Sh2-282, also called LBN 978, is located near the
OB-association Mon OB 2 and is a curved nebula. The O9.7Ib star HD 47432 (Kharchenko 2001; Sota et al. 2011)
has been proposed as the ionizing source of Sh2-282 (Sharpless 1959; Felli & Harten 1981). Several brightened-rims
faced to the exciting star are identified in this region (Carrasco-Gonza´lez et al. 2006). No remarkable molecular clouds
are found in this region in previous large-scale low sensitivity surveys (Dame et al. 2001; Kim et al. 2004). BFS54 is
located in an isolated molecular cloud of a few thousand solar mass (Maddalena et al. 1986). Although BFS54 is about
3◦ away from Mon OB2, it is probably associated with this OB association. BFS54 is catalogued in surveys for outer
Galactic H II regions (Blitz et al. 1982; Avedisova & Kondratenko 1984; Fich 1993; Kislyakov & Turner 1995) and is
also listed as a reflection nebula (NGC 2282) (van den Bergh 1966; Racine 1968; Kutner et al. 1980; Chini et al. 1984).
BFS54 hosts a star cluster which was first studied by Horner et al. (1997) with near-infrared (NIR) data. Based on
the optical and near-infrared color-magnitude diagrams and disc fraction (∼58 percent) of stars, the age of the BFS54
star cluster was determined to be 2− 5 Myr (Dutta et al. 2018) and the masses of the YSOs are 0.1− 2.0 M (Dutta
et al. 2015).
This paper is organized as follows. The survey is described in Section 2 and the results are presented in Section 3.
We discuss our results in Section 4 and present a summary in Section 5.
2. OBSERVATIONS AND DATA REDUCTION
2.1. PMO-13.7 m CO Data
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The sky region has been observed as part of the Milky Way Imaging Scroll Painting (MWISP 1) project which aims
to survey molecular gas along the northern Galactic plane. The simultaneous observations of 12CO, 13CO, and C18O
J = 1 − 0 emission presented in this work were carried out from 2012 January to 2016 June using the PMO-13.7 m
millimeter telescope at Delingha in China. A superconducting spectroscopic array receiver (SSAR) containing 3 ×
3 beams was used as the front-end. The receiver is a two sideband Superconductor-Insulator-Superconductor (SIS)
mixer. A specific local oscillator (LO) frequency was carefully selected so that the upper sideband is centered at the
12CO J = 1 − 0 line while the lower sideband covers the 13CO and C18O J = 1 − 0 lines (Shan et al. 2012). For
each sideband, a Fast Fourier Transform Spectrometer (FFTS) containing 16384 channels with a bandwidth of 1 GHz
was used as the back-end. The effective spectral resolution of each FFTS is 61.0 KHz, corresponding to a velocity
resolution of 0.16 km s−1 at the 115 GHz frequency of the 12CO J = 1− 0 line. The observations were conducted in
the position-switched on-the-fly (OTF) mode with a scanning rate of 50′′ per second and a dump time of 0.3 seconds.
The survey area is split into cells of the size of 30′ × 30′. Each cell was scanned at least twice, once along the Galactic
longitude and once along the Galactic latitude, to reduce scanning effects. The pointing of the telescope has an RMS
accuracy of about 5′′ and the beam widths are about 55′′and 52′′at 110 GHz and 115 GHz, respectively.
The Data are processed using the CLASS package of the GILDAS 2 software. The raw data are re-grided and
converted to FITS files. All FITS files related to the same survey cells are then combined to produce the final FITS
data cubes. The spatial pixel of the FITS data cube has a size of 30′′ × 30′′. The antenna temperature (TA) is
converted to the main-beam temperature with the relation Tmb = TA/Beff , where the beam efficiency Beff is 0.51 at
115 GHz and 0.56 at 110 GHz according to the status report of the PMO 13.7 m telescope. The calibration accuracy
is estimated to be within 10%. The typical system temperature during the observation is about 350 K for the upper
sideband and 250 K for the lower sideband. The sensitivity of our observation is estimated to be around 0.5 K for the
12CO J = 1 − 0 emission and around 0.3 K for the 13CO and C18O J = 1 − 0 emission. Throughout this paper, all
velocities are given with respect to the local standard of rest (LSR).
2.2. Archival Data
The complementary infrared data used in this work were obtained from the Wide-field Infrared Survey Explorer
(WISE) (Wright et al. 2010). WISE covers the entire sky in four photometric bands: W1 (3.4 µm), W2 (4.6 µm),
W3 (12 µm), and W4 (22 µm), at angular resolutions of 6.1′′, 6.4′′, 6.5′′, and 12′′, respectively. The 5σ point-source
sensitivities at the four bands are 0.08, 0.11, 1, and 6 mJy, respectively. The WISE data were retrieved from the
NASA/IPAC Infrared Science Archive (IRSA)3. Data for the ionized emission used in this work are taken from the
NVSS 1.4 GHz map (Condon et al. 1998). We also make use of data products from the Southern Hα Sky Survey Atlas
(SHASSA) (Gaustad et al. 2001), which consists of 2168 images covering 542 fields south of declination 15◦.
3. RESULTS
3.1. Overall Distribution of Molecular Clouds in the Region
Figure 1 shows the average spectra of the CO, 13CO, and C18O J = 1−0 emission toward the sky region of Galactic
longitude of 207.7◦ < l < 211.7◦ and Galactic latitude of −4.5◦ < b < 0◦. Among the spectra, the 12CO emission
shows the highest brightness temperature while C18O shows the lowest. As shown in Figure 1, the 12CO average
spectrum can be divided into three velocity components, i.e., −3 km s−1 to 16.5 km s−1 (first velocity component),
16.5 km s−1 to 30 km s−1 (second velocity component), and 30 km s−1 to 55 km s−1 (third velocity component). Most
of the molecular clouds have velocities ranging from −3 km s−1 to 30 km s−1 (first and second velocity components).
The major emission of 13CO has velocities ranging from 5 km s−1 to 16.5 km s−1. Comparatively, the average C18O
spectrum of this region is weak. The inset in Figure 1 shows the average of the C18O spectra. The C18O emission is
detected mainly in the eastern part of the Rosette Molecular Cloud in the velocity range from 10 to 16 km s−1, but
rarely in other part of the surveyed area.
The position-velocity map of 12CO emission along the Galactic longitude is displayed in Figure 2. According to
the Galactic rotation model A5 of Reid et al. (2014), we calculated the relationship between distance and velocity for
the spiral arms between l = 207.7◦ and l = 211.7◦. The corresponding spiral arms are displayed with dashed lines.
As shown in Figure 2, the molecular clouds in this region exhibit multiple velocity components, with corresponding
1 http://www.radioast.nsdc.cn/mwisp.php
2 http://www.iram.fr/IRAMFR/GILDAS
3 http://irsa.ipac.caltech.edu/frontpage/
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Figure 1. Average spectra of the 4.0◦ × 4.5◦ region with the blue, green, and red indicating the 12CO, 13CO and C18O
emission, respectively. The velocity range of the 12CO emission is roughly divided into three components (−3 to 16.5, 16.5 to
30, and 30 to 55 km s−1), which are indicated with vertical dashed lines. The inset shows the average of the C18O spectra in
the 4.0◦ × 4.5◦ region that have at least three contiguous channels with C18O emission above 3σ. The green line in the inset
shows the 3σ noise level of the average spectrum. From this average spectrum, it can be seen that the C18O emission is detected
in the velocity range from 10 to 16 km s−1.
kinematic distance ranging from 0.5 kpc to ∼7.0 kpc. Most of the molecular clouds with velocities from −3 km s−1
to 16.5 km s−1 (first velocity component) are located between the Local and the Perseus Arms. We can see that the
molecular clouds of the first velocity component are distributed to the east of the Rosette molecular cloud (RMC) (Li
et al. 2018). The distance to the RMC has been estimated to be 1.4−1.7 kpc with stellar photometry (Ogura & Ishida
1981; Park & Sung 2002) and 1.39 ± 0.1 kpc with optical spectroscopy (Hensberge et al. 2000). As in Li et al. (2018),
we adopt a distance of 1.4 kpc for the first velocity component in this work.
Figure 2. The longitude-velocity map of 12CO (J = 1− 0) emission from 207.7◦ to 211.7◦. The dashed lines indicate the spiral
arms derived from the rotation model A5 of Reid et al. (2014). The overlaid contours are 12CO emission with the minimal level
and interval of the overlaid contours both being 0.18 K.
Molecular clouds of the second velocity component are located on the Perseus Arm. Three known H II regions
(Sh2-280, Sh2-282, and BFS54) are associated with molecular clouds of the second velocity component (Figure 3).
From spectrophotometric observations, the distance of the cluster in BFS54 is 1.65 kpc (Dutta et al. 2018). Carrasco-
Gonza´lez et al. (2006) studied the Sh2-282 H II region and suggested that this H II region is photo-ionized by the O
type star HD 47432. From its V magnitude, (B − V ) color, and spectral type, the star HD 47432 is estimated to be
at a distance of ∼1.25 kpc (Carrasco-Gonza´lez et al. 2006), which is similar to the results of Felli & Harten (1981)
and Blitz et al. (1982). However, the parallax of HD 47432 from Gaia satellite data release 2 (DR2) (Bailer-Jones
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et al. 2018; Gaia Collaboration et al. 2018) is 0.38 milliarcseconds, which corresponds to 2.6 kpc. The H II region
Sh2-280 is associated with the O type star HD 46573 (see Figures 12, 22 and Section 4.1) which has a parallax of
0.64 milliarcseconds (1.6 kpc). Taking all these available distance measurements together, we adopt in this work the
parallax distance of HD 46573 for the distance of molecular clouds of the second velocity component. For molecular
clouds with velocities higher than 30 km s−1 (third velocity component), we adopt kinematic distances from the
rotation model A5 of Reid et al. (2014). These kinematic distances are in the range from 3.0 to 7.0 kpc, therefore
indicating that the clouds of the third velocity component are located between the Perseus and the Outer (Cygnus)
Arms.
Figure 3. 12CO and 13CO J = 1 − 0 integrated intensity maps of molecular clouds in the region. The panels in the
upper row show the 12CO emission and those in the lower row show the 13CO emission. Left: molecular clouds of the first
velocity component. Middle: molecular clouds of the second velocity component. Right: molecular clouds of the third velocity
component. The red, yellow, and cyan circles indicate the locations of the known, candidate, and radio quiet H II regions. The
circle sizes approximate the radius of the H II regions from Anderson et al. (2014). The blue pentagrams and crosses indicate
the O and B0 stars from the SIMBAD database, respectively.
The 12CO and 13CO J = 1− 0 integrated intensity maps of the molecular clouds of the three velocity components
are displayed in Figures 3 and the velocity channel map of 12CO emission of the region is displayed in Figure 10 in the
Appendix. The majority of the molecular clouds of the first velocity component belong to the eastern part of the RMC.
Other molecular clouds of the first velocity component exhibit diffuse morphology. Weak 12CO emission is associated
with the known H II regions Sh2-280 and Sh2-282 and the candidate H II regions G208.506-02.304, G209.208-00.127,
and G209.971-00.698. The molecular clouds in the first velocity component exhibit rare 13CO emission except for the
eastern part of RMC.
The molecular clouds of the second velocity component clearly exhibit filamentary structures. Most of the clouds are
located in the Sh2-280, Sh2-282, BFS54, and the southeastern region. The 12CO emission shows the highest brightness
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in the BFS54 H II region. Elephant trunk and cometary structures are seen in the molecular clouds within the Sh2-282
H II region. These morphologies are frequently found in H II regions (Gahm et al. 2006; Ma¨kela¨ et al. 2017), and are
predicted by the radiation driven implosion (RDI) simulations (Bertoldi 1989; Bisbas et al. 2011). As shown in the
12CO and 13CO emission maps (Figure 3), the stellar winds and radiation from the massive stars in the BFS54 and
Sh2-280 H II regions have apparently destroyed molecular clouds within the central parts of these H II regions and
have excavated a circle-like (BFS54) or semicircle-like (Sh2-280) cavity, similar to the S287 (Gong et al. 2016) and the
N4 (Chen et al. 2017) regions. As shown in Figure 3, the morphology of the molecular clouds of the third velocity
component is more fragmentary and clumpy as compared to those of the first and second velocity components, which
may be caused by the farther distances to the clouds of the third velocity component (3.0−7.0 kpc).
Figure 4. First moment maps of 12CO emission for molecular clouds of each velocity component. The dashed lines in the
middle pannel indicate the four main filaments in the second velocity component. The blue squares near the bottom in the
right pannel indicate the locations of the four clumps (shown in Figure 5) that are far below the Galactic mid-plane. The red,
yellow, and cyan circles indicate the locations of the known, candidate, and radio quiet H II regions. The blue pentagrams and
crosses mark the O and B0 stars in this region from the SIMBAD database, respectively.
Figure 4 shows the 12CO emission intensity weighted centroid velocity distributions of the molecular clouds. As
shown in Figure 4, most of the molecular clouds of the first velocity component have velocities in the range from 5 km
s−1 to 13 km s−1. Molecular clouds in the region of Galactic longitude of 208.5◦ < l < 209.7◦ and Galactic latitude
of −2.0◦ < b < −1.0◦ have significantly lower velocities compared to other molecular clouds (see the left panel of
Figure 4). The molecular cloud within the G208.506-02.304 H II region is located near the eastern part of the Rosette
molecular cloud, but with a velocity of about 6 km s−1, which is 5 km s−1 lower than the velocity of the RMC. For
molecular clouds of the second velocity component, a velocity gradient can be seen in the direction along the Galactic
longitude, with the western molecular clouds possessing a larger (20 − 27 km s−1) velocity than the eastern clouds
(16.5−20 km s−1). Moreover, many filament exhibits coherent and narrow velocity distribution, so these filaments are
coherent structures both in the spatial and in the velocity dimensions, rather than just chance projection of individual
clumps of different velocities. Four main filaments (filament 1−4) are marked with dashed lines in the middle panel
of Figure 4. The molecular clouds of the third velocity component have velocities higher than 30 km s−1 and their
kinematic distances are larger than 3.0 kpc. As shown in Figure 4, these molecular clouds as a whole exhibit a velocity
gradient in the direction from the north (35−40 km s−1) to the south (40−50 km s−1). According to the rotation
model A5 of Reid et al. (2014), the distances of the northern molecular clouds are around 4 kpc, while the southern
molecular clouds are located farther away (∼5.5 kpc). In the datacube, we also identified four molecular clumps with
both low Galactic latitudes and high velocities (Figure 5), which implies that these clumps are located far away from
the Galactic mid-plane. The locations of the four clumps are displayed with blue squares in the right panel of Figure
4. According to the rotation model A5 of Reid et al. (2014), the kinematic distances of the four clumps are calculated
to be from 6.8 to 7.3 kpc. Combining the Galactic longitude/latitude of the clumps and the distance of the sun from
the Galactic center (8.34 kpc), the distances of the four clumps from the Galactic center are calculated to be ∼14 kpc.
Taking the offset angle and the distance of the Sun above the Galactic physical mid-plane to be 0.072◦ and 17.1 pc
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Table 1. Clumps far away from the Galactic physical mid-plane
ID Name l b Vlsr D Tex Flux Mass DGC Dz
(◦) (◦) (km/s) (kpc) (K) (K km s−1) (M) (kpc) (pc)
Clump1 MWISP G208.445-4.380 208.445 -4.380 48.8 7.0 4.5 17.0 78 14.5 -509
Clump2 MWISP G208.489-4.330 208.489 -4.330 50.3 7.3 4.4 13.6 68 14.8 -525
Clump3 MWISP G208.587-4.287 208.587 -4.287 50.5 7.3 4.2 7.4 37 14.7 -519
Clump4 MWISP G209.533-4.505 209.533 -4.505 49.8 6.8 4.9 27.6 120 14.3 -508
Note—Columns 3-5 give the position centroids of the clumps in the PPV space. Column 6 gives the kinematic distance
derived from model A5 in Reid et al. (2014). The excitation temperature, integrated intensity, and mass derived from
12CO are list in columns 7-9. Column 10 gives the distances of the clumps from the Galactic center. Column 11 gives
the vertical distances of the clumps from the Galactic physical mid-plane.
(Su et al. 2016), respectively, the distances of these clumps from the Galactic mid-plane are calculated to be -525 to
-508 pc. The FWHM thickness of the Galactic molecular gas disk at Galactic radius of ∼14 kpc is about 180−440 pc
(Wouterloot et al. 1990; Digel 1991; Heyer & Dame 2015), i.e., the σ thickness of the Galactic molecular gas disk at
the Galactic centric distance of 14 kpc is about 80−190 pc. Therefore, the four clumps are significantly far away from
the Galactic mid-plane. With a high abundance and a low excitation energy and critical density, 12CO is frequently
employed to measure molecular gas masses according to the relationship between the observed CO integrated intensity
and the column density of molecular hydrogen. Taking the ratio between the column density of molecular hydrogen
and the CO integrated intensity (X factor) to be 2.0 × 1020 H2 cm−2 (K km s−1)−1 (Bolatto et al. 2013) and applying
the fluxes of the clumps (Table 1), the masses of the clumps are calculated to be 37− 120 M.
Figure 5. Top: 12CO J = 1 − 0 integrated intensity maps of the four clumps located far below the Galactic mid-plane. The
black circles indicate the positions of the four clumps. Bottom: average spectra of the 1.5′ × 1.5′ region of the four clumps with
blue and green indicating the 12CO and 13CO emission, respectively.
3.2. Physical Properties of Molecular Clouds in the Region
Assuming that the molecular clouds are under the local thermodynamic equilibrium (LTE) conditions, the mass of
the molecular cloud can be calculated with the measured brightness of 12CO, 13CO, and C18O J = 1 − 0 emission.
Taking the filling factor of 12CO J = 1− 0 emission to be unity and assuming that the emission is optically thick, the
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excitation temperature in units of Kelvin can be calculated according to the following formula (Nagahama et al. 1998)
Tex =
5.53
ln(1 + 5.53Tmb(12CO)+0.819 )
, (1)
where Tmb is the main-beam brightness temperature of
12CO emission. The excitation temperatures derived from
above equation for the four clumps far away from the Galactic physical mid-plane are listed in Table 1.
Figure 6. Distributions of excitation temperature of molecular clouds of the three velocity components in the region. The red,
yellow, and cyan circles indicate the locations of the known, candidate, and radio quiet H II regions. The blue pentagrams and
crosses indicate the O and B0 stars in this region from the SIMBAD database, respectively.
The spatial distributions of the excitation temperature of the molecular clouds for each velocity component are
displayed in Figure 6 and the histograms are presented in Figure 7. For molecular clouds of the first velocity component,
the eastern part of the Rosette molecular cloud possesses relatively high temperature of around 12 K. According to the
map of the 21 cm radio continuum emission from Reich et al. (1997), the ionization front of the Rosette H II region is
far away from the eastern part of the RMC. The circle-like cavity of the Rosette molecular cloud shows that the shock
front just reaches the Extended Ridge and Monoceros Ridge of RMC (Li et al. 2018). The relatively high temperature
of the eastern part of RMC may be due to the local evolution of the molecular clouds rather than the feedback of the
OB cluster of the RMC H II region. The molecular cloud within G208.506-02.304 possesses the highest temperature
(15 K), indicating that this cloud has been influenced by the G208.506-02.304 H II region. Except for the eastern part
of the RMC and the molecular cloud associated with the G208.506-02.304 H II region, most of the other molecular
clouds of the first velocity component have temperatures around 6 K.
Most of the molecular clouds of the second velocity component possess excitation temperatures ranging from 8 to
15 K. The highest temperature (33 K) occurs in the BFS54 region, which indicating that the molecular clouds within
the BFS54 H II region have been heated by the H II region BFS54.
Most of the molecular clouds of the third velocity component possess temperatures ranging from 7 to 15 K, with
a typical value of about 9K. Considering that the distances of these molecular clouds are from 3.0 kpc to 7.0 kpc,
the derived temperatures should be heavily influenced by the effect of the filling factor. Therefore, the excitation
temperatures of the molecular clouds of the third velocity component should be strongly underestimated.
As shown in Figure 7, the excitation temperatures of molecular clouds in the region are low as a whole. The
peak probability excitation temperatures are at 5 − 6 K. Above the excitation temperature of 9 K, the first velocity
component has the most number of molecular clouds and most of these clouds belong to the eastern part of RMC.
The second velocity component has the least number of clouds with high temperature. However, the molecular cloud
within the BFS54 H II region, which is a second velocity component cloud, processes the highest temperature (33 K)
among the three velocity components.
Using the method in Li et al. (2018) and assuming that the molecular clouds of the first velocity component are
located at the same distance as the RMC (1.4 kpc), the total mass of molecular clouds of the first velocity component
is calculated to be 3.8 × 104 M with the X factor method, whereas 8.5 × 103 M from 13CO, and 4.2 × 102 M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Figure 7. Probability distributions of the excitation temperatures of molecular clouds of the three velocity components. Only
the spatial pixels with the integrated intensity of 12CO emission above 5σ are used in this statistics.
from C18O with the LTE approach. Most of the mass of the first velocity is contained in the eastern part of the RMC,
which is 3.1 × 104, 7.7 × 103, and 2.1 × 102 M from 12CO, 13CO, and C18O, respectively. Taking the distance of
molecular clouds of the second velocity component to be 1.6 kpc, the total mass of the molecular clouds is calculated
to be 2.1 × 104 M (12CO), 2.2 × 103 M (13CO), and 2.5 × 102 M (C18O), respectively. Considering that the
distances of the molecular clouds of the third velocity component vary greatly (3.0−7.0 kpc), the total mass of clouds
of the third velocity component is not calculated. Due to its higher abundance, 12CO could trace the diffuse clouds
whereas the 13CO and C18O emission is detectable only in relatively dense clouds. Therefore, the mass from 12CO
is larger than those from 13CO and C18O. We note that although there is less molecular mass in the surveyed region
than its neighboring massive star forming regions such as Monoceros OB1 (1.3 × 105 M from 12CO (Oliver et al.
1996)) and RMC (2.0 × 105 M from 12CO (Li et al. 2018)), the number of H II regions/candidates (10) is similar to
those of Monoceros OB1 (11) and RMC (10) (Anderson et al. 2014).
3.3. Molecular Clouds Associated with the H II Regions/Candidates
Ten H II regions/candidates are located in the region, of which four H II regions (Sh2-280, Sh2-282, Sh2-283, and
BFS54) are identified by Sharpless (1953, 1959) and Blitz et al. (1982). By visual and automatic search of bubble
morphology in the WISE 12 µm and 22 µm images, Anderson et al. (2014) identified six H II regions or H II region
candidates (G208.506-02.304, G209.208-00.127, G209.971-00.698, G210.009-00.292, G210.229-01.525, and G211.149-
01.004). Anderson et al. (2014) also reported the angular radii of the ten H II regions/candidates on the basis of
their visual check on the morphologies of the H II regions/candidates in the MIR images. In this work we investigate
whether there are any molecular clouds associated with these known or candidate H II regions. For this purpose, we
extract the mean spectra of 12CO, 13CO, and C18O within the infrared bubble radii of the ten H II regions/candidates.
These spectra, ordered by Galactic longitude of H II regions/candidates, are presented in Figure 8. Single velocity
component is present in the spectra of the H II regions/candidates BFS54, G208.506-02.304, G210.009-00.292, and
G211.149-01.004, while multiple velocity components exist in the other six known or candidate H II regions. Radio
recombination line (RRL) measurements are available for the four H II regions (Sh2-280, Sh2-282, Sh2-283, and BFS54).
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The velocities of ionized gas from RRL (Anderson et al. 2014) are different from the velocities of the molecular clouds.
The velocity offsets are 13 km s−1 (Sh2-280), 3 km s−1 (Sh2-282), 13 or 70 km s−1 (Sh2-283), and 14 km s−1 (BFS54),
respectively. Anderson et al. (2009) calculated the velocity offsets between the RRL and the 13CO emission line for
301 H II regions. They found that the velocity offsets are smaller than 5 km s−1 for most of the H II regions. In our
case, the velocity offsets are significantly larger than this value in three H II regions (Sh2-280, Sh2-283, and BFS54).
Figure 8. Average spectra of the H II regions/candidates with the blue, green, and red indicating the 12CO, 13CO and C18O
emission, respectively. The purple dashed line represents the velocity of the radio recombination line (RRL).
The distributions of the molecular clouds in the H II regions/candidates are presented in Figures 11−20 in the
Appendix. It can be seen that the 12 µm emission in G208.506-02.304 exhibits a typical bubble structure (Figure
11). The molecular cloud associated with G208.506-02.304 has a similar morphology to the dust emission at 12 and
22 µm. From the center of the H II region to the outside, the velocity of the molecular cloud gradually increases,
which may imply the influence of the H II region on the molecular cloud. The molecular cloud associated with Sh2-280
consists of a giant filamentary structure surrounding the H II region (Figure 12), which is similar to case of N131
studied by Zhang et al. (2016). These authors suggest that the massive star in the N131 bubble was born from the
disruption of the gas filament. Two compact sources of 1.4 GHz continuum emission are detected by the NRAO VLA
Sky Survey (NVSS) within the infrared bubble. However, the 1.4 GHz continuum emission does not cover the central
O-type star HD 46573. This may be caused by the poor (u, v) coverage in the snapshots of the NVSS observations
which results in the NVSS images being insensitive to smooth radio emission structures larger than several arcminutes
(Condon et al. 1998). For G209.208-00.127, two molecular clouds with distinct velocities are located within the radius
of the H II region/candidate (Figure 13). We designate the lower velocity component as the ’near’ cloud and the
higher velocity component as the ’far’ cloud. The ’near’ and ’far’ clouds have a velocity difference of about 20 km
s−1 . The G209.208-00.127 far cloud has similar morphology to the mid-infrared emission and shows higher excitation
temperature than the G209.208-00.127 near cloud. Therefore, G209.208-00.127 far is more likely to be associated with
the H II region than the ’near’ cloud. However, Both the ’far’ and the ’near’ clouds are offset from the center of
G209.208-00.127. It is also possible that both of the clouds are interacting with G209.208-00.127, with the ’far’ cloud
being pushed away and the ’near’ cloud toward the Sun. Indeed, the ’far’ cloud exhibits an increase of velocity from
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the center of G209.208-00.127 to the outside. Similar to G209.208-00.127, G209.971-00.698 is spatially associated with
two clouds of distinct velocities (Figure 14). The ’far’ cloud has a velocity about 20 km s−1 larger than that of the
’near’ cloud. Both the ’near’ and ’far’ clouds are filamentary. The ’near’ cloud is oriented in the northeast-southwest
direction while the ’far’ cloud roughly in the east-west direction when it is within the radius of G209.971-00.698 and
then in the direction of northwest-southeast when it is outside of G209.971-00.698. Within the radius of G209.971-
00.698, the ’far’ cloud is similar to the MIR emission in morphology and it also shows a higher excitation temperature
than the ’near’ cloud. These facts suggest the ’far’ cloud is more likely to be associated with G209.971-00.698 than
the ’near’ cloud. As both clouds have sizes much larger than the radius of G209.971-00.698 and that each cloud
has its own coherent velocity, it is unlikely that the clouds are both accelerated by G209.971-00.698. The molecular
cloud in the G210.009-00.292 region is mainly constrained within the radius of G210.009-00.292 and exhibits a clumpy
morphology (Fig.15). The molecular cloud well matches the distribution of heated dust grains as traced by the MIR
22 µm emissions. The molecular clouds in the Sh2-282 region exhibit elephant trunk and cometary structures facing
to the center (Fig.16). Carrasco-Gonza´lez et al. (2006) found several bright-rimed structures in the Sh2-282 far cloud
that are faced to HD 47432, which supports that the Sh2-282 far cloud is interacting with the Sh2-282 H II region. For
G210.229-01.525, as in the case of G209.208-00.127, both the ’far’ and the ’near’ clouds could be associated with the
H II region, considering that the ’near’ cloud is located to the northeast and the ’far’ cloud roughly to the southwest
of G210.229-01.525 (Fig.17). The molecular cloud in the Sh2-283 region exhibits a filamentary morphology and is well
coincident with the distribution of heated dusts as traced by the 12 and 22 µm emission (Figure 18). Therefore, the
molecular cloud should be associated with the Sh2-283 H II region. From Figure 19, it can be seen that the molecular
cloud in the G211.149-01.004 region exhibits the filamentary morphology. The velocity of this molecular filament
increases from the center of G211.149-01.004 to the outside. Weak radio continuum and Hα emission exist within the
radius of the MIR bubble. According to Anderson et al. (2014), bubbles that have measured RRL or Hα emission are
classified as true H II regions. Thus we adjust G211.149-01.004 from a candidate to a known H II region in Table 2. In
the BFS54 H II region (Figure 20), the molecular cloud shows a central cavity which coincides not only with the MIR
12 and 22 µm emission but also with the radio continuum and Hα emission, suggesting that the molecular cloud is
being excavated by the BFS54 H II region. The part of the molecular cloud that surrounds the cavity also possesses an
unusually high temperature at around 30 K, which further supports that the BFS54 H II region has a strong influence
on its surrounding molecular cloud.
Table 2. Properties of molecular clouds in the regions of H II regions/candidates
Name Category Glon Glat Vlsr Distance Linear Radius Tex Mass ∆v
(deg) (deg) (km s−1) (kpc) (pc) (K) (M) (km/s)
1st velocity component
G208.506-02.304 Q 208.506 -2.304 5.9 0.6 0.7 9.2 2.6 × 101 1.0
2nd velocity component
Sh2-280 K 208.741 -2.633 24.2 2.6 7.7 7.0 1.0 × 104 1.5
G209.208-00.127 Q 209.208 -0.127 29.7 3.3 1.2 6.8 1.3 × 102 1.1
Sh2-282 K 210.187 -2.168 22.1 2.2 19.1 6.4 2.0 × 104 1.7
BFS54 K 211.245 -0.424 21.4 2.1 3.9 12.4 3.0 × 103 1.2
3rd velocity component
G209.971-00.698 Q 209.971 -0.698 35.0 4.0 2.5 8.5. 1.1 × 103 1.1
G210.009-00.292 Q 210.009 -0.292 32.2 3.6 2.0 8.7 4.5 × 102 1.3
G210.229-01.525 Q 210.229 -1.525 40.5 4.8 6.1 8.3 3.6 × 103 1.4
Sh2-283 K 210.788 -2.545 49.6 6.5 3.1 7.8 2.9 × 103 2.3
G211.149-01.004 K 211.149 -1.004 37.1 4.2 3.9 7.6 4.9 × 102 1.1
Note—Column 2 gives the category of the H II regions/candidates, with K and Q indicating the known and radio quiet category,
respectively. Column 6 gives the kinematic distance derived from model A5 in Reid et al. (2014). Columns 9−10 give the mass and line
width derived from 12CO. The physical properties are extracted within regions of two times the infrared bubble radii from Anderson et al.
(2014) because molecular clouds are generally larger than the infrared bubbles.
12 Li et al.
By combining the data of dust, ionized gas, and molecular gas, the molecular clouds associated with the ten
H II regions/candidates are identified. The three velocity components contain one (G208.506-02.304), four (Sh2-
280, G209.208-00.127, Sh2-282, and BFS54), and five (G209.971-00.698, G210.009-00.292, G210.229-01.525, Sh2-283,
and G211.149-01.004) H II regions/candidates, respectively. We derived the physical properties for each H II re-
gion/candidate and list the results in Table 2. The masses of the H II regions/candidates derived from the X factor
are from 26 to 2×104 M. Combining the angular radii from the MIR emission (Anderson et al. 2014) with the
kinematic distances from the 12CO molecular line, we derived the linear radii of the ten H II regions/candidates to be
from 0.7 pc to 19.1 pc. The mean temperatures of the molecular clouds associated with the ten H II regions/candidates
are 6−12K, which are relatively higher than those of the other molecular clouds in the surveyed area.
Massive stars (B0 or earlier) are suggested to be the excitation sources of H II regions (Anderson et al. 2014). From
the SIMBAD database, we searched for the O and B0 stars located within the H II regions/candidates. Massive stars
are found within Sh2-280 (Figure 12), Sh2-282 (Figure 16), Sh2-283 (Figure 18), G211.149-01.004 (Figure 19), and
BFS54 (Figure 20) and we list the properties of these massive stars in Table 3. Among the five massive stars list in
Table 3, HD 46573, HD 47432, ALS 18674, and 2MASS J06465642+0116405, are approximately located within the
emissions of the MIR, Hα, and radio continuum in regions of Sh2-280, Sh2-282, Sh2-283, and BFS54, respectively, and
thus we suggest them to be the candidate excitation sources of the H II regions. However, it is insufficient to identify
the excitation sources of H II regions based on the locations of the stars only and further investigation is needed to
confirm the ionizing sources of the H II regions. In Sh2-282, the radial velocity of HD 47432 is about 40 km s−1 larger
than that of the molecular clouds. However, the velocities of RRL and molecular clouds in this region are similar
(Figure 8). The large radial velocity of HD 47432 may come from its peculiar motion. No massive stars are found in
the other H II region candidates. As the OB-type star EM* RJHA 48 is located outside the well defined MIR bubble
in the 12 and 22 µm images (Figure 19), we do not consider it to be the excitation source of G211.149-01.004.
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Table 3. Properties of the massive stars within the H II regions/candidates
Region Category Massive star Glon Glat Radial velocity Parallax Spectral type Association
(deg) (deg) (km s−1) (mas)
1st velocity component
G208.506-02.304 Q · · ·
2nd velocity component
Sh2-280 K HD 46573 208.730 -02.631 29.3 0.6471 O7V((f))z Yes
G209.208-00.127 Q · · ·
Sh2-282 K HD 47432 210.035 -02.111 60.1 0.3873 O9.7Ib Yes
BFS54 K 2MASS J06465642+0116405 211.282 -00.418 · · · 0.4240 B0.5Ve Yes
3rd velocity component
G209.971-00.698 Q · · ·
G210.009-00.292 Q · · ·
G210.229-01.525 Q · · ·
Sh2-283 K ALS 18674 210.788 -02.550 70.6 · · · B0V Yes
G211.149-01.004 K EM* RJHA 48 211.168 -01.043 · · · · · · OB No
Note—Column 3 gives the massive stars within the H II regions/candidates. Columns 4− 5 give the Galactic longitude and latitude of the massive
stars. Columns 6−8 give the radial velocity (Gontcharov 2006), parallax (Gaia Collaboration 2018), and spectral type (Sota et al. 2011; Dutta
et al. 2015) of the massive stars, respectively.
4. DISCUSSION
4.1. Kinematics of the Molecular Clouds Associated with the H II Regions/Candidates
Classical theories on H II regions assume the interstellar medium around the H II regions to be three-dimensional
structures. However, Beaumont & Williams (2010) did not find the associated foreground or background molecular
clouds at the center for 43 infrared bubbles. Many recent studies argue that the molecular clouds associated with the
infrared bubbles are two-dimensional ring-like structures (Storchi-Bergmann et al. 2012; Xu et al. 2017).
The kinematic of molecular clouds provides unique information on the interaction between H II regions and the
surrounding medium and can be used to reveal the spatial relation between the molecular clouds and the H II regions.
We present the position-velocity maps of the ten H II regions/candidates in Figures 21−30 in the Appendix. In order
to examine the possible influence of the H II regions/candidates on the surrounding gas, the position paths of these p-v
diagrams are set to pass through the centers of the H II regions/candidates and along the major axes of the molecular
clouds. All the paths have the same width of 5 pixels.
In the G208.506-02.304 region, the velocity of the molecular clouds along the position path is roughly constant at
first and then increases toward the edge of the infrared bubble (Fig.21). The position-velocity map of Sh2-280 exhibits
a partial cavity structure (Figure 22). Fitting the cavity structure in the position-velocity map with the model of
expanding gas shell and taking the velocity offset of the most red-shifted gas at the middle of the position path as
the expansion velocity, we estimate the expansion velocity of the Sh2-280 H II region to be 3 km s−1. This expansion
velocity gives a dynamical time of 2.5 Myr for the Sh2-280 H II region, assuming a uniform expansion. The velocity
width of the molecular cloud at the position offset of HD 46573 is broadened, showing the feedback of HD 46573 on
the cloud and supporting that HD 46573 is the excitation source of the Sh2-280 H II region. The p-v diagram of
G209.208-00.127 far (Fig.23) shows two clumps with a velocity difference of about 1.5 km s−1, supporting the idea
that the molecular cloud is interacting with the H II region candidate G209.208-00.127. Along the position path, the
velocity of G209.971-00.698 far is nearly constant (Fig.24), implying that G209.971-00.698 far is either the background
cloud or the foreground cloud to the H II region candidate G209.971-00.698, but unlikely to contain the both. The
velocity of the molecular cloud in G210.009-00.292 increases gradually from the center to the outside (Fig.25). The
cloud associated with Sh2-282, Sh2-282 far, is clumpy in the p-v diagram and the clumps show broadened velocity
range (Figure 26), indicating the influence of the O-type star HD 47432 on the molecular cloud. As in G210.009-00.292,
the the ’far’ molecular cloud in G210.229-01.525 shows a velocity increase from the center of the region to the outside
14 Li et al.
(Fig.27). In Sh2-283, the velocity at first decreases from the outside to the center of the region and then increases
from the center to the outside (Figure 28). In G211.149-01.004 (Figure 29) the velocity increases obviously from the
center to the outside, whereas in BFS54 (Fig.30), the velocity gradient is relatively small.
4.2. Radial Temperature and Line Width Profiles of the H II Regions/Candidates
Expanding H II regions feed momentum and energy to the surrounding interstellar medium, which affects the
temperature and turbulence of the surrounding molecular clouds. Assuming three-dimensional structure and uniform
density for the surrounding gas, Hosokawa & Inutsuka (2006) calculated the dynamical expansion of H II regions,
including the evolution of velocity, density, temperature, and pressure of the gas. Their results show that the peak of
expansion velocity occurs at the position of the shock front and the temperature of gas decreases with the distance
from the excitation star (see their Figs 3 and 4). If the H II regions and the surrounding gas are two-dimensional
structures, it is reasonable to assume that the results for the molecular gas are qualitatively similar to those in the
three-dimensional case. In the two-dimensional case, the projected distance to the excitation star is closely related
to the physical distance. Therefore we could expect that a line width maximum would occur around the radius of
the H II region and that the gas temperature would decrease with the projected distance from the center of the H II
region. In the three-dimensional case, however, the projected distance does no directly represent the physical distance,
and therefore the trends in two-dimensional case may not appear. To examine whether these two trends appear
in the observed molecular line emission images, we calculated the azimuthally averaged radial profiles of excitation
temperature and line width for the 10 H II regions/candidates and show the results in Figure 9. The temperatures
in three regions, BFS54, G208.506-02.304, and G210.009-00.292 gradually decrease with the distance to the center of
the H II regions, whereas no such trend is found for the other seven H II regions/candidates. Except for Sh2-283,
the ten H II regions/candidates show smooth distributions of line width with the projected distance. Sh2-283 shows
decreasing line width with the projected distance and has a higher line width across the whole range of distance than
the other H II regions/candidates. For all the ten H II regions/candidates, no obvious maximum of line width occurs
around the nominal radius. Therefore, our data favor the scenario that H II regions and their surrounding molecular
gas are three-dimensional structures.
(a) (b)
Figure 9. Azimuthally averaged radial profiles of excitation temperature (a) and line width (b) of the molecular clouds in the
ten H II regions/candidates.
5. SUMMARY
Based on the MWISP project, we performed 12CO, 13CO, and C18O observations covering the region of Galactic
longitude of 207.7◦ < l < 211.7◦ and Galactic latitude of −4.5◦ < b < 0◦ (4.0◦ × 4.5◦). The velocity resolution is 0.16
km s−1 and the corresponding sensitivities are 0.5 K for 12CO emission and 0.3 K for 13CO and C18O emission. For
the first time, we find abundant molecular clouds in this region. We summarize our results as follows,
1. According to the velocity distribution, the molecular clouds are divided into three groups of different velocity
components, i.e., −3 km s−1 to 16.5 km s−1 (first velocity component), 16.5 km s−1 to 30 km s−1 (second velocity
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component), and 30 km s−1 to 55 km s−1 (third velocity component), with kinematic distances from 0.5 kpc to 7.0
kpc. The molecular clouds of the second velocity component typically have filamentary morphology. Four molecular
clumps with velocities of 48 − 51 km s−1 at Galactic latitudes of around -4.4◦ are estimated to be -525 to -508 pc
from the Galactic mid-plane, which are significantly greater than the σ thickness of the Galactic molecular gas disk
(80−190 pc) at Galactic radius of ∼14 kpc.
2. By combining the data of dust, ionized gas, and molecular gas, the molecular clouds associated with the ten
infrared bubbles in this region are identified and the physical properties of these molecular clouds are obtained. The
linear radii of the ten H II regions/candidates are from 0.7 pc to 19.1 pc and the masses derived from the X factor are
from 26 to 2×104 M. We suggest G211.149-01.004 to be a true H II region based on its detection of radio continuum
and Hα emission. Massive stars are found within Sh2-280, Sh2-282, Sh2-283, and BFS54, and we suggest them to be
the candidate excitation sources of the H II regions. No massive stars with spectral type earlier than B0 have been
found in the other six H II regions/candidates.
3. The distributions of excitation temperature and line width with the projected distance from the center of H II
region/candidate suggest that the majority of the ten H II regions/candidates and their associated molecular gas are
three-dimensional structures, rather than two-dimensional structures.
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Figure 10. Velocity channel map of 12CO emission of the surveyed area.
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Figure 11. Morphology of G208.506-02.304 in various tracers. Top left: WISE 3 (12 µm). Top middle: WISE 4 (22 µm). Top
right: Hα emission from the SHASSA survey (Gaustad et al. 2001). Bottom: integrated intensity (left 1), velocity distribution
(left 2), line width of velocity (left 3), and excitation temperature (left 4) images of 12CO. The circle size approximates the
radius of the H II region from Anderson et al. (2014). The velocity range for intensity integration is from 4 km s−1 to 8 km s−1.
Figure 12. Morphology of Sh2-280 in various tracers. Top left: WISE 3 (12 µm). Top middle: WISE 4 (22 µm). Top right:
NVSS 1.4 GHz radio continuum emission (green contours) overlaid on the Hα emission from the SHASSA survey (Gaustad et al.
2001). The minimal level and the interval of the contours are 15 and 5 mJy/beam, respectively. Bottom: integrated intensity
(left 1), velocity distribution (left 2), line width of velocity (left 3), and excitation temperature (left 4) images of 12CO. The
circle size approximates the radius of the H II region from Anderson et al. (2014). The velocity range for intensity integration
is from 19 km s−1 to 28 km s−1. The blue pentagram signs indicate the O stars in this region from the SIMBAD database.
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Figure 13. Morphology of G209.208-00.127 in various tracers. Middle: images of G209.208-00.127 near with integrated velocity
range from 7 to 17 km s−1. Bottom: images of G209.208-00.127 far with integrated velocity range from 28 to 32 km s−1. All
the others are the same as in Figures 11.
The H II Regions between l = 207.7◦ and l = 211.7◦ 19
Figure 14. Morphology of G209.971-00.698 in various tracers. Middle: images of G209.971-00.698 near with integrated velocity
range from 9 to 13 km s−1. Bottom: images of G209.971-00.698 far with integrated velocity range from 32 to 37 km s−1. All
the others are the same as in Figures 11.
Figure 15. Morphology of G210.009-00.292 in various tracers. The velocity range for intensity integration is from 29 km s−1
to 35 km s−1. All the others are the same as in Figures 11.
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Figure 16. Morphology of Sh2-282 in various tracers. Middle: images of Sh2-282 near with integrated velocity range from 3
to 14 km s−1. Bottom: images of Sh2-282 far with integrated velocity range from 14 to 30 km s−1. The green contours indicate
the radio continuum emission, with the minimal level and the interval of the contours are 15 and 5 mJy/beam, respectively.
The dashed lines in bottom left panel indicate the elephant trunk and cometary features. The blue pentagram and cross signs
indicate, respectively, the O and B0 stars in this region from the SIMBAD database.
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Figure 17. Morphology of G210.229-01.525 in various tracers. Middle: images of G210.229-01.525 near with integrated velocity
range from 22 to 32 km s−1. Bottom: images of G210.229-01.525 far with integrated velocity range from 35 to 45 km s−1. The
blue pentagram indicates the O star in this region from the SIMBAD database. All the others are the same as in Figures 11.
Figure 18. Morphology of Sh2-283 in various tracers. The velocity range for intensity integration is from 42 km s−1 to 55 km
s−1. The green contours indicate the radio continuum emission, with the minimal level and the interval of the contours are 15
and 5 mJy/beam, respectively. The blue cross sign indicates the B0 star in this region from the SIMBAD database.
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Figure 19. Morphology of G211.149-01.004 in various tracers. The velocity range for intensity integration is from 34 km s−1 to
41 km s−1. The green contours indicate the radio continuum emission, with the minimal level and the interval of the contours
are 15 and 5 mJy/beam, respectively. The blue pentagram indicates the O star in this region from the SIMBAD database. All
the others are the same as in Figures 11.
Figure 20. Morphology of BFS54 in various tracers. The velocity range for intensity integration is from 18 km s−1 to 24 km
s−1. The green contours indicate the radio continuum emission, with the minimal level and the interval of the contours are 15
and 5 mJy/beam, respectively. The blue cross indicates the B0 star in this region from the SIMBAD database. All the others
are the same as in Figures 11.
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Figure 21. Left: integrated intensity map of 12CO of G208.506-02.304. Right: position-velocity map of 12CO emission along
the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.4
and 0.1 of peak, respectively. The dash horizontal lines indicate the position range of the H II region.
Figure 22. Left: integrated intensity map of 12CO of Sh2-280. Right: position-velocity map of 12CO emission along the arrow
marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.5 and 0.1
of the peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue pentagrams signs
indicates the O stars in this region from the SIMBAD database.
Figure 23. Left: integrated intensity map of 12CO of G209.208-00.127 far. Right: position-velocity map of 12CO emission
along the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being
0.4 and 0.1 of peak, respectively. The dash horizontal lines indicate the position range of the H II region.
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Figure 24. Left: integrated intensity map of 12CO of G209.971-00.698 far. Right: position-velocity map of 12CO emission
along the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being
0.6 and 0.07 of peak, respectively. The dash horizontal lines indicate the position range of the H II region.
Figure 25. Left: integrated intensity map of 12CO of G210.009-00.292. Right: position-velocity map of 12CO emission along
the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.8
and 0.07 of peak, respectively. The dash horizontal lines indicate the position range of the H II region.
Figure 26. Left: integrated intensity map of 12CO of Sh2-282 far. Right: position-velocity map of 12CO emission along the
arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.65
and 0.1 of peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue pentagram and
cross signs indicate the O and B0 stars in this region from the SIMBAD database, respectively.
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Figure 27. Left: integrated intensity map of 12CO of G210.229-01.525 far. Right: position-velocity map of 12CO emission
along the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being
0.35 and 0.1 of peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue pentagram
indicates the O star in this region from the SIMBAD database.
Figure 28. Left: integrated intensity map of 12CO of Sh2-283. Right: position-velocity map of 12CO emission along the arrow
marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.8 and 0.1 of
peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue pentagram indicates the
B0 star in this region from the SIMBAD database.
Figure 29. Left: integrated intensity map of 12CO of G211.149-01.004. Right: position-velocity map of 12CO emission along
the arrow marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.7
and 0.1 of peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue pentagram
indicates the O star in this region from the SIMBAD database.
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Figure 30. Left: integrated intensity map of 12CO of BFS54. Right: position-velocity map of 12CO emission along the arrow
marked in the left panel. The overlaid contours are 13CO emission with the minimal level and the interval being 0.3 and 0.1 of
peak, respectively. The dash horizontal lines indicate the position range of the H II region. The blue cross indicates the B0 star
in this region from the SIMBAD database.
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